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approximately one-half that occurring in incubation mixtures containing the enzyme system from untreated plants. The conjugation of indoleacetic acid-1-"C in a form characterized chromatographically as indoleacetylaspartic acid was increased 2-fold in the upper stem region of plants pretreated with ethylene.
The effects of ethylene in lowering levels of auxin diffusing through plant tissues are well known (1, 6-8, 12, 16, 20, 22, 32) . The manner in which the gas influences levels of diffusible auxin in plant cells is not entirely clear. In a brief report (32) , the authors presented some evidence correlating low levels of diffusible auxin in ethylene-treated tissue with decreased auxin formation by enzyme breis from the same tissue. The studies have been expanded in an attempt to correlate several facets of auxin metabolism-auxin biosynthesis, conjugation, and destruction-with levels of extractable and diffusible auxin in the leaf and stem tissue.
MATERIALS AND METHODS
Plant Treatment. Coleus (Coleus blumei Benth "Scarlet Rainbow") plants derived from the University of Iowa clone (24) were grown in the greenhouse or in environmental chambers (Sherer Model CEL 25 -7HL) or both. Plants grown in the growth chambers were exposed to a 16-hr photoperiod (light intensity, 1600 ft-c), 50 + 5% relative humidity, and a temperature of 24 C during the light period and 20 C at night. Treatment Chloramphenicol was added as a safeguard against bacterial contamination in a final concentration of 50 ,ug/ml. The carbon dioxide released during the reaction was collected in 0.4 ml of 10% KOH in a well suspended over the mixture. At the end of the incubation period, trichloroacetic acid (0.5 ml of 5%) was added with a hypodermic syringe. After 20 min the KOH containing the 14CO2 was transferred to counting vials and assayed as described above.
Auxin Extraction. After the 18-hr pretreatment period with ethylene, 10 plants were removed from each growth chamber and the apical portion of each stem including medium to large leaves (second internode from apical bud) was collected. The apical bud and leaf blades were excised from the stem, quickly weighed, and homogenized for 3 min in a blender in cold methanol. The cell debris was removed by centrifugation and re-extracted with methanol. The combined methanol extracts were evaporated in vacuo. A procedure reported earlier (17, 28, 29, 33) , with slight modifications, was used to extract acidic indoles. The pH of the aqueous residue was first adjusted to 2.5 and extracted in a separatory funnel three times with methylene chloride. The combined organic extract was extracted three times with 50 mm potassium phosphate, pH 8.5. The combined aqueous fraction was then adjusted to pH 2. Auxin Formation. The effect of the ethylene pretreatment on auxin formation by apical bud tissue was studied following procedures reported earlier (30, 32) . The enzyme breis were prepared as described in "Auxin Destruction." One milliliter of the enzyme brei was incubated with 1 ml of L-tryptophan (1.54 mg/ml) on a rotary shaker for 45 min at 27 C. Chloramphenicol at a final concentration of 50 ,ug/ml was included in the reaction mixtures. Agarose blocks (block size, 2.5 X 2.5 X 1.3 mm) were present in the reaction mixtures during the incubation period. These blocks were removed at the end of the incubation period and assayed for auxin with the Avena curvature bioassay.
IAA Conjugation. Eighteen hours after beginning the ethylene treatment, the plants were treated with auxin similarly to the method of Morris et al. (23) . The apex of each of 10 Coleus plants was treated with 0.025 ml of a solution containing 0.5 ,ug of IAA-1-`C (0.04 ,uc) and 0.05% Tween-20. After 4.5 hr (in the light under continuous exposure to ethylene) the apical portions of the stems were collected, the leaves were removed, and the remaining 1 to 2 cm of stem was rinsed to remove residual IAA. The stem tips were extracted overnight in a freezer with 85% (v/v) ethanol, ground in a blender, and then re-extracted twice with cold 85% ethanol. The combined extracts were evaporated to a small volume and separated on thin layer chromatography plates of cellulose in isopropanolconcentrated NH4OH-water (8: 1:1, v/v). Portions of the plate were scraped into counting vials and the radioactivity was counted as described above.
Carboxyl-labeled IAA-14C (IAA-1-14C) with a specific activity of 10 mc/mmole was obtained from New England Nuclear. Indoleacetylaspartic acid was obtained from Calbiochem.
RESULTS
The effect of ethylene pretreatment on the capacity of Coleus stem tissue to transport IAA-1-14C is shown in Table  I . The amount of labeled auxin delivered to the receiver blocks during the 5-hr diffusion period is decreased by nearly 50%. There appear to be small increases in the uptake of auxin from the donor blocks by the stem segments, as well as in the amount of radioactivity present in the tissue at the end of the transport period.
An investigation of the effect of ethylene on decarboxylation of IAA-l-"4C by leaf and apical bud tissue shows that the gas has no effect on the breakdown of the auxin (Table II) . Earlier reports on the breakdown of auxin by Coleus tissue are in agreement with this conclusion (10, 32) .
The results of investigations of the effects of ethylene on levels of extractable auxin from Coleus plants are shown in Figure 1 and Table III . An IBM computer, Model 1130, was used to compute and plot best fit straight lines for the curvature obtained in the Avena curvature test from different concentrations of authentic IAA (Fig. 1) . The auxin activity was determined from the computed straight line. In all experiments except one, results of tests show that there is a significantly lower level of extractable auxin in ethylene-treated plants. The significant difference is at a confidence level of 99% or higher. Table IV shows the results of a representative experiment in which the capacity of apical bud tissue to form auxin is compared with levels of extractable auxin present in the tissue. The rate of auxin formation by enzyme breis from ethylenetreated plants is roughly one-half of that occurring in incubation mixtures containing the enzyme system from untreated plants. The amount of auxin is also about one-half of the amount of extractable auxin present in untreated plants. The levels of auxin diffusing from apical buds removed from ethylene-treated and untreated plants are also significantly lower in the treated plants. Figure 2 represents chromatograms of stem tissue extracts (12) . There is also less extractable auxin in ethylene-treated Avena coleoptile tissue than in untreated tissue (J. C. Botjes, cited in Ref. 12) .
In experiments where both auxin formation and the levels of extractable auxins were examined, there was less auxin for- (4) were careful, however, to point out that the experiments were designed to relate modification of the transport of auxin inside the plant by exogenous treatments of ethylene. In electron microscope studies of stem tissue of pea seedlings treated with 500 pl of ethylene per liter of air, significant changes in cellular structure have been reported (27) . However, in experiments conducted in this laboratory (unpublished data) treatment of the same variety of pea with 25 ,u of ethylene per liter of air did not result in changes in the fine structure of the stem tissue. It has also been reported that treatment of plant tissues with ethylene alters membrane permeability and induces the swelling of mitochondria (13, 18, 25, 26) . However, more recent studies (15, 19) indicate that this occurs in the presence of higher concentrations of ethylene (100 pl/liter and above) and that other aliphatic gases, including saturated ones, which have no physiological activity have similar effects on mitochondria.
In the experiments reported here, treatment of the plant tissue with a 100-pl/liter concentration of ethylene often resulted in epinasty of the tissue. This phenomenon was observed only in a few instances in the case of the 25-01/liter concentration. Since the latter concentration is just above the saturation dose (10 pl/liter) required for many physiological responses (9) , the influences of ethylene on auxin metabolism as reported here may indicate similar functions for endogenous ethylene.
Application of the n-butyl ester of 2,4-D or of 2,4, 5-T to the leaf blades of Euonymus japonica results in the yellowing of areas of leaf tissue surrounding the areas of application (14) . The senescence of the tissue is considered to be induced by ethylene which is produced in the treated regions of the leaf (14) . The treated areas remain green presumably due to 
